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Wo» JOBN TKOMFSm-Km^NIOaiT LIMITBP. 

a Ommay legistotted nnder Ifaa laws of 
Ooeat &itam, of Ettrngshain, Wdvediamp' 
ton, in the ComAy oi ^aSoid, BoglAnd, do 
hffsxby dedara me InvieplJcm, which 

Sy lhat a pateot may be gianled to 118, and 
me&od by nAidi it is to be peiloaned, 
to be pazticiuady described in and by the 
feUowiog statesnoDt: — 

Hie preset mvention cdates to a method 
ci papking a lec^stade wi± comnmmted 
material and pt^ulady but not exclusively, 
to a; method of packing a oomi^tineiit' of 
an deottodialyais appaiatus with an ion eic- 
change xesin. The ai^paiatuft may* for ex- 
ample, be an ^kcttoidiaiy^ ^i^atos as 
desc^ed in ^ Complete Spedfic^ion of 
our co-peodiog Patent AralicatafHi No. 
l«25/59 (Serial No. 893,051)r 

Some comminuted matedals, for example 
ion exchange o^ns, are di^cult to pack 
into a leoeiptaide when wet because the 
partides become tacky and stick not oi^v to 
one anoth^ but to anythbg else with whidx 
they come ic^ contact Such materials can 
be packed into the receptacle in tiie diry 
state but when tbey beccane wet, either due 
to absorption of water from fte atmosphere 
or because th&jr are wetied in use, th^ are 
subject lo an inorease in volmne^ whidu in 
the case of an ion exchange le^ is of Ihe 
order of 12%. In some cases- Hus difOcut^ 
can be oracoane by inconqileteiy fiShfg the 
lecq^le t^r a calcidBled amoin^ 
not a aatifflactoiy so3n&m if the waSs of 
tbe seceptacle oonslinictBd of a seila- 
tivety fkaasy maitedal aa, for eoanq^b ^ 
membranes of an eSectrodl^ysis appmtus 
oompartment, when the pressure ppodoced 
by the increase in volume ci me com- 
minuted material would d^cHm ^ walls 



rather than cause the material to move and 
ffi up the space 4hat has been left in the 

xec^pjtada 

It is an object of the piesent invention to 45 
provide an ixnpitoved m^hod of packing a 
seoei^acle wi& commiimite d mattrial' in 
wBdi the Aiffkailties icefemd to above are 
ma^iaOy reduced^ 

AccoDmngtooneaspectof diepiesmttin- 50 
ventltsL a method of packing a receptacle 
with comminuted material comprises pack- 
ing the material into the reo^tacle under 
pres8uie» si^poalh^ the walls of the reoep- 
tade to resist defo!cma;tion th£zeof by toe 55 
piessi^e 2g^kd and any pressure pro- 
duced by an increase in volume of &e par- 
tides <^ the material and 9Ub$equeDtly xe- 
mo^dng tlie w^fpcst &om the wafls. 

The material may be carded into the re- 60 
oeptade entrained in a sti:eam of conmiesscd 
air and tiie air allowed to escape. Ibe air 
may be moist air and/or the me^od may 
be carried out in a humidily cootDolled atntK)- 
sphecow ' 66 

Advantageously when the material is such 
that It AuoDsa^ in vohnne on being wetted 
with water a part of the receptade is left 
unpadced and the maitraial is wetted to cause 
it to incsease in volume to fill said rmp- 70 
tade before removing tiie support from the 
walk. 

Alt€snativdy the matedal is cazded into 
the eeceptade entrained in a stream of water 
and eoGOBSs water is allowed to escape; The 75 
temperatiffe of the and of water 

traced in inteistioes between pot^es of 
the mateadai may dim be loweced to cause 
the trapped water to freeze and Ixsid the 
peptides toeetfier. 80 

If fb& znabBiial has been caided imo the 
reOBptade in a dry states k may be wetted 



2 



942,762 



with water and the taap^tme of the ma- 
tedal and water may mea be loweced to 
cause the water trapped in ii^;cistice8 bo- 
tween paitkiles of die mat^ial ^ freeze and 
5 bond ^e porddes togedter. 

So that the invention may be deady 
understood die apa^Hcation of the piBsent 
method to die pas^mg of a oompaatment of 
an electxodifl^t}^ aj^^mtos will now be des- 
10 cdbed by my of cxnmplPy refqmce bemg 
made to die aocompanyixtg drawimgs in 
^s^dch:— 

Figure 1 is a p^spective view witti porta 
tefoksA away of a compaitment of andectro- 
16 diatvsis apparatus; 

Figmie 2 is a section on die line H— n 
of Ffe 1; 

I^mes 3 and 4 each show dia^anuna&c^ 
ally means f6r feeding a sesin into a com- 

20 x'Brtment; 

F^mes 5 and 6 each show diagcanunatio- 
aQy installaticHis ^ feeding xcan in die 
f OEcm of a' diEcy Into a compartmesit; and 
Figure 7 is a longjtudmal soction of a 

25 oon^aitment pzepaied for filling widi resin. 
A sim^de elec&ndialysis appssatas oom- 
pdses a mut of three oompfficfiueats arranged 
so that the centre compartment is divided 
btm die two outer compartoiraits by per- 

30 meaUe membranes. An electrode is placed 
in eadi erf the on^ ccnapartments and die 
liquid to be ptooessed is allowed to flow 
through the centre compartment In a large 
eJectrodialysis- apparatus there may be a 

35 laige number of compartments disposed be^ 
tween the electiode compartmentB, each one 
being sepamted ficom the next adjdning 
Gompartment by a permeable membiane. 
One .set of- altsmate compartments are 

40 tcnnxd oonoentzate com^artmei^, Le« the 
compartmeixts into which ions ndgrate und^ 
the mfiuence of the eleotdc cunent passing 
between the electrodes, and die odi^ set of 
altera^ compartoietits are tenned dilua;^ 

45 compartments Le. the computments from 
whidb the ions na^grate. G^ierally dse 
volume of the concentrate campartmenls is 
made smaller than diat of die diluate com- 
partm^Qts. by making the di^noe between 

50 didr bounding membranes smaHec; because 
the flow of liquid ducough a oonoenlnttecom^ 
paitment is made as small as possible fiam 
an economic pcHOt of view. 
Eadi oomptastment whedier diluate or coi^- 

65 centxatew oQuqaises an annidar separator 1 
d zBCtEuigular of square shape having on 
eadi dde a pecmeame membrane 2 to mm 
a dosed ceaa^ space 3. Passages 4 aie 
fonned in apposed separates ends (or sides) 

60 to pecndt d^ liquid to be dialysed to flow 
into and oat of me c^xtral space 3 at a pie^ 
. determined rate. Fzsferably jneans is pro* 
vided to -cause the liquid to flow am the 
whole snrfoce ttf the membranes bounding 

55 die cential ^aoe and far tids puipoae ifdxa 



5 may be provided at the ends of the separ- 
ator adjacent die pass^es^ 

Ihe central space 3 may be packed with 
commim^ed matenal 6 insoluble in the 
hqaid bemg passed thsDednougb to act bodi 70 
as a support for die mem tones 2 and to 
spread the Mouid over the surface of the 
membranes. Ion exchange resins w par- 
ticularly suitable for diis pmpose as they 
decease die dectzical re^stance of the com- 75 
paxtment if wat» containinfl a low conceal- 
trati(m of salt is bdng desalted thesem and 
idcft ooDsidGcaib^ decrease pdadsation 
the membrane stofacc^ The ion exchange 
lesuis may be anion or cation or a 80 
mixture of bodL When die central space 3 
is packed whh comminuted matenal means 
must be pio^^ded to prevent die matedal 
fpom pasang out of die spaoe 3 widi die 
liquid b^ dialysed. su^ means may be 85 
the we^ D^efymd to above^ 

Gaskets 7 may be piovided between the 
memtones 2 and die separator 1 to ensue 
diat the limiid entedng and kaving the cen- 
tral space J does so only duough die pass- 90 
ages 4 |»Dvided. 

The separator may be provided ^th a 
scalable port (not ^own) in one of its walls, 
odi^ than die walls containing the liquid 
flow passages, to pomit commhmted ma- 05 
tedal to be introduced into the centra) space 
after that space has been sealed by die posi- 
tioning of die membranes. 

Separators d the ty^ just described axe 
described in greater detail in the Complete 100 
Specification of the Applicant's co-pending 
A^Ecation mentioned above. 

The compartments may be filled accoid- 
xng ^ the present method with the ion 
exdiange x^sai in a dry state» a wet stace or 105 
a disp^^ state that is m the form of a 
thin sliKry. Pr^eiably die resm is packed 
into the compartmm under sufOdent ^^es- 
sure» tot example least 10 Ib./sq. in^ for 
the resin to resist fudier packing when the. HO 
comp^tment is put into operation. 

To feed the resm into the compartment 
in a dry stat^ die resin is first brought to 
die requiied d^ee ci dryness by a stay in 
a humidity doamber. A jNredetenmned 115 
quality of ±e cesin. ^^^nch is 12% by 
volume less than diat theoretically required 
to fin the compartment* is withdmwn from 
the chamber ami passed to a feeder device^ 
The feeder device ccunprises a chamber 8 1^0 
having an oudet 9 communicating VTith die 
compartment and an inlet 10 through whkh 
compressed air at aj^Hx>xunately 20 Ihjsq, 
in. can be supplied. Ihe compressed air, 
which is <^ the same humidity as die 1£5 
humidity diamber. forces the reshi 11 hito 
die compartmeia as wfll be described later. 

To feed the asm into the comiiartment in 
the wdt states the resm is mixed vnth a quan- 
d^ of water sli|^dy in esccess of diat which 1^ 
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win be absorbed by the resin partkks diem- 
selves to tarn a damp mass. A quantity 

12 of the wet reahi sufBdent to fJl the 
compartmcait is pk^ed in a Goatainflr 13 ttom 

d vdiidi it is £<uced as a "^ng" l^Bgh an 
cadet 14 and sdo QosssfmBOssxl by feed- 
ing water under csessure CQlo tbe container 

13 duDugh an xnict 15. 

To feed die resin into the oompaitment in 

10 the foim of a diin slnoy, die lestn is oon- 
tinnoosfy fed torn a Bonroe 22 into a recep- 
tacle 16 wfaidi is also supplied widi wa.ter. 
The leoeptacle 16 is provided widi a Btiner 
17 which causes the resin to be nmformly 

15 dispeised tbronghout the water. The resin 
siticry formed is fed via a pi^iine 18 into 
the compartment by means of a pmnp 19 
and the excess water escaping from the cen- 
tral space of the compartment through the 

20 liquid inlet and ondet passage 4 is fed back 
to die teceptade 16 throng a pipeline 20. 
AltemadyeTy, waier can pumped into a 
mixing vessel 21 constandy supt^ed VfilQi 
aiesin mm a source 22 so that the flow of 

25 water duougji die vessel 21 causes the resin 
to be carried with die water into die com- 
partment. 

To en the large number or "eteck'' of 
compartments forming the normal indostdal 

30 electrodialysis fdant one of die fdlowiug 
procedures is adopted 

A stack of compartments each cimiprising 
membrane, gasket, separsto, gasket, mem- 
brane is &5t assembled whh the central 

35 space of each compartment left emp^ of 
resin. The membranes are then ^ieo, as 
by passing air through the compartmrats, 
when they shdnk and tighten lil^ a drum 
akin. M the membranes do not immedi- 

40 at^ assume their *M^£^"ft^ diooiKisica on 
beio^ rewe^ the cesm is fed in the wet 
states usder a wdist pressui;^ of at least 10 
Ib./sq. in. shnultaneonsly into all of die 
compartments ihioug|i the port provided in 

45 the ^de wall of each sep^ator. 

U desixsd spacers may be inserted in die 
compartments to prevent die membranes 
saggmg into ccmtact widi eadi odier and so 
that any tend^y for the sweiHng resin to 

^ defonn the membranes can be resisted by 
applying pressure at each end of the 
stack. 

Another procedune which may be adc^ted 
is to x^aoe a sheet 23 of poiyethyleoe on a 

55 fiat surface 24 for exam^ a metal or j^astic 
plate* and placo a mooihrane 25, gasm 26, 
separator 27» gasket 28. membrane 29, in 
that order on top. A second sheet 30 of 
polyethylene is attadied to a.flat metal or 

60 plastic plate 31 to prevent it sag^ng aiul is 
placed ov^ the upper membrai^ 29. The 
poIyedi>dend sheet 30 may be attached to 
the plate 31 by. for eorample appl^ig water 
or a waxy or greasy substance e,g. petroleum 

^ jeHyp to a face of the plate before ap^j/iqg 



die sheet to it or by genoating electrostatic 
chargies in die shut and the plate by rubbing 
diem. The polyethyloie sheets 23 and 30 
are provided to prevent the membranes 25 
and 29 ^en wet from sdcking to die plates 70 
34 and 31 respecdvdy. Fr^sure is then 
a^p3ied to die u^i plate 31 ddio: by 
means of a press <Hr by damping the upper 
and lower plates 24 and 31 together so tnat 
die gaskets 26 and 28 are compressed thfiCD- 75 
by makh^ the compartment water t^ 
around its periphery* Reshi is now fed iuto 
the comparhnent duongb a port (not shown) 
movided in dse sadc wall <^ die separate. 
The resin may be in die dry state^ wet state 80 
or in die form of a diin slocry aod is f Qroe4 
into the compartment at a pressure of 20 — 
30 lb./sq. in. exce^ water of air escaping 
from the liquid flow pass^es* 

While die separator 27 is held t^hdy 85 
against the bottom plate 24, to prevent resm 
from passing between die lower membrane 
25 and the 5q)aiatcr 77, the pressnrera the 
upp^ plate 31 is zekased and the pkte 31 
and polyethylene sheet 30 removed. A gasket. 90 
separator, gask^ membrane are then pJaoed 
on top of ue first compartmeat to form the 
second comp^tment and the polyediykne 
30 sheet and uj^ plate 31 rq>laccd. Pies- 
sure is again applied to the upper pkte and 05 
the second compartment is thai filled in the 
same manner as the first cmnpartment 
This procedme is repeated until the staxk 
comprises the lequixed number of oompai^ 
ments. 100 

Lu^ may be provided on the sepaartorto 
enable pressme to be applied to it whrai 
die vcpper is removed. 

It wall be ^]prcdated that if die compart- 
ments are bemg filled with dry resin, the 105 
resin ha$ subsequendy to be wetted and 
this fa ja^rferably left until after the next 
foSowing compaitmejit has been filled. 

In a 6idier procedure the first stages are 
as just described ^icept that die upper, mem- 110 
braoe is omitted and die resm is fed into 
the connpertment tfaroi^ an apertnce .(uof 
shown) formed stibstantially centrally of the 
upper metal plate 31 and pdyediylene sheet 
30. When die comportmem is fiUed widi 115 
resfai, the resm b^Lug wetted if the dry fil- 
ing technique has been used, die tempera- 
tiro of the com^artmeoit is brought down to 
bdow the fiteezmg point of the water and 
maintained diere un& a handleable mass of 120 
TBffln pertiGles h^ togedier by die fioxma- 
donor iceintheintersdoes between die par- 
ddes is obtah^ The pressiHO on die 
upper metal plate 31 is then rdeased, the 
ptete 31 and polyeth^^ sheet 30 removed 125 
and die second m^hrane placed in pod- 
tion. The second and finther compart- 
ments may now be built up on the first, each 
compartment being frozen after it has been 
filled and maiotamed in die frozen state 180 
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xmm the stack is comjde^ and ^ electio- 
Sztms ai^aiatas is erected. 

If desired eadi oompaxtinent may be con- 
structed sqpaiote^ ]oe^ in cdd storage 
until zeqnked to toon part of a stack. In 

caso die prossui^ on tho ^ata 31 is 
leased and tiiie pis^ removed bnt the polv^ 
eti^leaxd sheet 30is aOowed to xernm in 
podtion to wrvcnt evapcxatioji of ^ water 
befoDb it is KDzea 

. The polyi^ylene slieets 23 and 30 ax9 
provided to prevcaot tibe wet resin or isusxh 
fatane^ as die case may be^ .^om fteezizig 
on to Hie plates 24 and 31 xespectively. u 
has beeai fbmxd that after fieezmg ih» plates 
can be easnr parted fixmi di& polyethytene 
sheets and thelatiier can <fiifla be peded off 
tiie Inxsen zesin* 

It Ims been fomid that the tempeistinB 
of a ffled compntmeiit* should not be 
zednoed below i^nt minus 10* C othear- 
wlse the partiides of lesin may be rnqptored 
due to the fonn^on <^ ccy^als of fcozm 
liquid witimi tile particle itseilL & will be 
mtderstood that tne Hquid. whihin the par- 
tide is' a solution and wQl therefore have § 
lower fceezkig point than lite substantially 
puEb waiter added to the particles during the 
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ao WHAT WB CCaIM IS:— 

1. Amethodof |)addngareceptacto\idtii 
cdimninuted matenal . cossxpn^Bi^ packing 
the material into Hie leoeptadd under pcts- 
sime^ simxirting ^ wa^Qs of llie leoeptade 
35 to'iesist defoonatkm thereof by the pressure 
apptlied and by any pressure produced hf an 
incx^ease in volume of fte psrtkles of flie 
jnntftrfftt and subsequemfy removing die sop- 
port team the walls.' 
to 2. The method aocoz^ng to Gaim 1, 
n^erein thie material is carried into tiie le* 
c^ftade entcained in a stream of compiessed 
air und die air allowed to escape^ 

3. Ibe me&od aoooidiQg to Qaim 2» 
tS wherein "die air is moist 

4. The method according to Claim 2 or 
3. wherdn Ibe pacing i$ effected in a 
Inmii^y con&DoOed atmospheia 



5. The method accoiding to Gaim 2, 3 

or 4 idieiein vdien the material is such that 60 
^ inmases in volume on being wetted with 
water a i»rt of the receptacle is left un* 
-padteed and the maftsrlnl is wetted to cause 
It Jto increase in vdlame to fill said receptacle 
befbi^ removing the si^port from the walls. 55 

6. The memod according to Qaim 1, 
wbesson the matedal is carried into the re- 
cefs^bde entrained in a stream of water and 
excess water is allowed to e8cap& 

7. The method aooocding to Oaim ^ 50 
wherein the tempexatuie of Ine material and 

of water Mpped in Intostioes between par- 
tides of the mat^ is lowered to cause die 
trapped water to fieeze and bond die pa^ 
ticfes togedier. ' 55 

5. lie method accoidtQg to Claim 1 (x 
Oaim 2, wixerdn subseaoent to its pack- 
-mMn the rBoep(ac& tibte mateiial is 
wetted widi wat^ fmd tiie t^paiatore of 
the material and water is lowered to cause 70 
the water trapped in interstices between par- 
ses of the material to freeze and bond &e 
parses to^^thor, 

9. A recqstade padced widi comminuted 
material by the mediod of aiqr on& pf the 75 
preceding d^iims. 

10. A compartment of an dectrodial^ 
apparatus padced with a comminuted icui 
exchange resin by the method of any one of 
nATtYitt 1 to 8. 80 

11. A medxod of packing a recm>tade 
with commimtited materia substantially as 
herein descrOied with refi^eoce to 1 
and 2 and any one of Bgs. 3 to 7 ol the 
accompanying drawings. 85 

Fot the Applkants, 
RAWORTH, moss & COOK, 
Qiarteced Fatent AgesitSi 
38 Sydenham Road, 
CiDydon. Surrey, 
and 

75 Vidoria Street. 
Wes&ninster, 
London, S.W.L' 
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